A repeat sequence 682 base pairs (bp) long produced by cleavage of human DNA with Xba I restriction enzyme is composed of four tandemly arranged subunits with lengths of 171, 170, 171, and 170 bp each. The sequence organization of the 682 bp Xba I repeat bears a striking resemblance to other complex satellite DNAs of primates, including the Eco RI human alpha satellite family which also occurs as a 170 bp repeat. The Eco RI tetramer and the 682 bp Xba I repeat show a sequence divergence of 21%. The 682 bp Xba I repeat sequence is restricted to humans and is only distantly related to the previously reported 340 bp Xba human repeated DNA sequence.
INTRODUCTION
A sizeable portion of the eukaryotic genome is comprised of families of repetitive sequences (1) . These repeat families may have two prevalent patterns of arrangement in the eukaryotic genome. They can be interspersed with single copy or other repetitive sequences or alternatively they may be clustered in a tandem array (1) as in satellite DNA. Interspersed and satellite DNA can each be further subdivided on the basis of average sequence length or complexity (2) . Short, interspersed repeated sequences (SINES) average 300 bp in length (3) while long, interspersed repeated sequences (LINES) average 6000 bp in length (4) . Simple sequence satellite DNA consists of tandemly repeating units less than 10 bp long (5) while the monomer of complex satellite sequences in primates is around 170 bp long (6, 7) . No known sequence relatedness exists among the four types of primate repeated DNA, except that LINES may consist, in part, of satellite-related sequences (8) .
Families of repeated sequences are often named for certain restriction endonuclease recognition sites present within them. The Alu family of primate SINES is present in approximately 500,000 copies per haploid genome (3) and is the predominant repeat family in primate DNA. Alu repeats may be found in the vicinity of known genes or even within a transcription unit (9, 10) . The Kpn family of primate LINES (11, 12) is present in approximately 50,000 copies and members are also located near structural genes (13) . Other less abundant species of SINES and LINES exist in primate DNA (14) . Several related complex satellite DNA species collectively termed "alpha" satellite DNA, have been reported in various primates (2, 7, 15, 16) . They are all based on a repeating unit of about 170 bp and are localized to the centromeres and telomeres of chromosomes. Rosenberg et al. (15) reported the nucleotide sequence of the Hind III family of guenon alpha satellite and this was quickly followed by the Wu and Manuelides report (16) of the sequence of the Eco RI family of human alpha satellite which is shared by apes and gibbons. Later, other primate alpha satellites were reported, including the Bam HI family restricted to baboons (1), a different Bam HI family restricted to colobus monkeys (7) and an Xba I 340 bp alpha satellite found in humans and apes but not in gibbons (8) .
In characterization of a human Eco RI a-satellite, Wu and Manuelides (16) reported results of an experiment in which they hybridized the Eco RI 680 bp fragment with Xba I -digested human DNA that had been electrophoretieally fractionated and immobilized on nitrocellulose paper. They found hybridization with a family of repeated DNA fragments 340n base pairs long, where n = a small integer. From these results and the observation that four positions in the Eco RI 340 bp sequence could generate an Xba I recognition site by a single base change, the authors concluded that the Eco RI and the Xba I satellite families were closely related.
The results of some later studies suggested a more distant relatedness. Using an Eco RI 340 bp satellite fragment as probe of Xba I digested human DNA, hybridization occurred with the 1020 bp fragment of the Xba I satellite family but there was only weak hybridization with the Xba I 680 bp satellite tetramer (12) . Hybridization with a gel-purified 850 bp repeat fragment generated by digestion of human DNA with Xba I showed little homology with the Eco RI a-satellite and a very close homology with the 340 bp DNA Xba I satellite (8) . Similarly gel-purified Xba I and Eco RI 340 bp DNA fragments failed to cross hybridize (D.G., unpublished).
We report here the cloning and DNA sequencing of a 682 bp fragment generated by digestion of human DNA with Xba I. Its nucleotide sequence is related but not identical to the previously published Eco RI 680 bp fragment (16) . By molecular hybridization it was shown to be related to other Xba I-cleaved repeated sequences in human DNA, but its absence in other primates was unlike any other alpha satellite sequence. The sequence is enriched in the centromeres of a set of human chromo-somes as shown by hi situ hybridization. These results suggest that the Xba I 682 bp fragment represents a very recently amplified subset of the ct-satellite family.
MATERIALS AND METHODS
Extraction of total genomic DNA Human DNA was extracted from frozen biopsy samples. Approximately 5 g of tissue was homogenized three times at high speed in a 50 ml volume of 60 mM Tris (pH 7.3), 25 mM KC1, 0.1% Triton X-100, 10 mM EDTA, and 1 mM spermidine for 15 seconds each time. The homogenate was filtered through gauze and centrifuged at 1500 rpm for 10 min. The pellet was resuspended in 5-10 ml saline (0.9% NaCl) + 0.2% SDS and treated with 10 mg Proteinase K overnight at 37°C. The DNA was then extracted with phenol and Sevag (chloroform:isoamyl alcohol, 24:1) and precipitated with ethanol. Isolation and purification of Xba I repeat fragments A bulk (-200 ug) Xba I digest of genomic DNA was run on a 1.5% agarose horizontal slab gel. After staining the gel with ethidium bromide, bands representing the desired fragments were visible under UV light. The gel was sliced above and below each DNA band, and a strip of Whatman DE 81 (DEAE cellulose) paper, folded to double thickness, was inserted into each slot. The gel was run an additional 90 min at 100-200 V. The paper strips were removed from the gel, and the DNA was eluted three times in 300 ul of 1 M NaCl at room temperature in the dark for 30 min. each time. Ethidium bromide was extracted with 2 volumes of isoamyl alcohol, and the DNA was precipitated with ethanol. The initial DNA isolate was subsequently run on a 4% polyacrylamide gel and stained with ethidium bromide. The desired band of DNA was located by UV light and cut from the gel with a scalpel. The excised piece of polyacrylamide was pushed through an 18 gauge needle and the DNA shaken overnight at 37°C with an equal volume (-2 ml) of 500 mM NaCl, 100 mM Tris (pH 8.0), and 5 mM EDTA. The sample was then centrifuged, the supernatant fraction collected, and the pellet rinsed with an extra 0.5 volume of the same elution buffer. The pooled supernatants were filtered through a 0.22 urn Millipore filter, and the DNA precipitated with 2 volumes of ethanol. Clone construction, screening of recombinant bacteria and plasmid purification End-filling of the isolated Xba I fragments was performed using a dNTP nucleotide mix and Klenow ("large") fragment DNA polymerase I in a solution of 100 mM Tris (pH 7.4), 75 mM MgCl 2 ,10 mM DTT, and 0.5 mg/ml BSA. The reaction proceeded for 30 min at room temperature. Ligation of the blunt-ended fragments into a Hind III cut pBR322 plasmid vector (also blunt-ended by the end-filling procedure) was performed according to Maniatis et al. (17) . The Xba I fragments were first phosphorylated with T4 polynucleotide kinase in a reaction mix of 66 mM Tris (pH 7.6), 1 mM ATP, 1 mM spermidine, 10 mM MgCl 2 ,15 mM DTT, and 0.2 mg/ml BSA for 1 hr at 37°C. The phosphorylated fragments were then ligated to the plasmid vector with T4 DNA ligase in the same reaction mixture for 6 hr at room temperature. Recombinant plasmids were transformed into Escherichia coli RR1 (18) and transformants were first screened for tetracyclene sensitivity and then grown on Millipore filters on agar containing ampieillin and chloramphenicol (250 ug/ml). The filters were then hybridized with "> 2 P-labeled xba I repeat fragments isolated from genomic DNA to screen for positive recombinants. Positive transformants were grown in large scale by following the conventional procedure (17) . Restriction digests of genomic DNA Restriction endonucleases Xba I, Eco RI, Hind HI, Kpn I, Hinf I, Pst I, and Bam HI were purchased from Bethesda Research Laboratory. Additional samples of Xba I were purchased from New England Biolabs and Collaborative Research Labs. DNA digestions with various restriction enzymes were carried out with 4 U enzyme/ ug DNA at 37°C for 90 min. A buffer of 20 mM Tris, pH 7.4, 5 mM MgCl 2 ,10 mM DTT, 10 mg/ml BSA, and 50 mM NaCl was used in each case. Southern blot transfer DNA fragments were size fractionated by electrophoresis on 1.2% agarose horizontal slab gels and stained with ethidium bromide at 0.5 ug/ml. Prior to transfer, the DNA in the gel was partially depurinated for 5 min. in 0.25 M HC1, denatured for 45 min in 0.2 N NaOH, 0.6 M NaCl, and neutralized with 1 M Tris (pH 7.4), 0.6 M NaCl. Transfer was performed overnight according to Southern (18) using a reservoir of 20xSSC (3 M NaCl, 0.3 M Na 3 citrate, pH 6.9), wicks consisting of a double layer of Whatman 3 MM paper, and a filter of nitrocellulose paper soaked in lxSSC.
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P labeling of plasmid clones
Recombinant plasmid DNA was nick translated in the presence of (ct-32 p)-dCTP in a 25 ul reaction volume containing 50 mM Tris (pH 7.8), 7.5 mM MgC^, 10 mM DTT, and 50 ug/ml BSA. Pancreatic deoxyribonuclease (1 mg/ml) was freshly diluted 10 -fold, and 1 ul was used in each reaction, along with 2 ul of DNA polymerase I (New England Biolab). Reactions were incubated 90 min at 15°C, terminated by addition of 10 ul of 100 mM EDTA, 10% SDS, and the labeled DNA separated from unincorporated free nucleotides by fractionation on an AG-10D Sephadex column. Hybridization DNA-containing membranes in Figures 1 and 2 were prehybridized for 16-24 hours at 68°C in a solution of 5x Denhardt's (0.1% BSA, 0.1% ficoll, 0.1% PVP), 6xSSC. For each filter, l-2xlO 7 cpm of nick translated probe was denatured by Figure 1 . Identification of recombinant clones homologous to a human Xba I repeat. A nitrocellulose filtec containing 36 reeombinants obtained as described in the text was hybridized with ( P) Xba I fragment 680 bp in length, purified as described in the methods section.
340 bp to 1300 bp. These fragments appeared as bright bands following gel eleetrophoresis and staining with ethidium bromide. Such multiple copy bands are generally indicative of repetitive sequences.
After isolation from agarose gels, the repeat fragments were cloned into plasmid vector pBR322 which had been cut with Hind III. Insertion into the unique Hind III site on pBR322 interrupts the region encoding tetracycline resistance. The ampicillin resistance gene of the plasmid was left intact so that bacterial colonies successfully transformed with these recombinant clones were ampicillin resistant and tetracyclene sensitive. The Hind HI cleavage of pBR322 was well suited for this study because the ligation of blunt-ended Xba 1 and Hind III cuts results in the regeneration of functional Xba I restriction sites, permitting release of a complete insert from the final clone.
Transformation of E. coli RRI cells with the ligation mix produced 384 transformant colonies, 34 of which showed the proper complement of antibiotic resistance. These 34 colonies were grown on nitrocellulose filters and hybridized with the Xba I repeat DNA isolated from the agarose gel digests of total DNA to screen for desired reeombinants. Previous hybridizations had demonstrated that the 682 bp fragment was of sufficient purity for use as probe for screening clones. Six of the 34 recombinant clones were positive for the Xba I repeat (Fig. 1) Figure 2 . Hybridization of digested human DNA with ( 32 P) pEl. 5 ug human DNA, prepared as described, was digested with the restriction enzymes indicated, electrophoresed through a 1.2% agarose gel, transferred to a nitrocellulose filter according to Southern (18) and hybridized with the ( P) Xba I repeat clone pEl. The lengths of the hybridizing fragments were determined by using Hinf I digested pBR322 as size markers.
these (El and F5) were grown for nucleotide sequence analysis.
Hybridization of clones El and F5 to Xba I digests of human genomic DNA (Fig. 2) showed preferential binding to DNA fragments with length multiples of -340 bp, with strongest hybridization to fragments of 680 bp, 1020 bp and 1360 bp. There was little or no hybridization with the 340 bp fragment generated by Xba I digestion. There was unusually strong hybridization to DNA fragments of 850 bp and 1870 bp (see also Fig. 5 ), both of which coincidentally correspond to positions of two interspersed repeats generated by cleavage with Xba I (8).
The cloned Xba I repeat fragments were also used as probes in hybridization with genomie DNA cleaved with restriction endonucleases Eco RI, Hind III, Kpn I, boiling for 5 min and added to a 5 ml volume of 5x Denhardt's, 6xSSC, 0.5% SDS, and 1 mM EDTA. This hybridization mix was then added to the filter in a sealable plastic bag and placed at 68°C overnight. The hybridized filters were washed four times at room temperature in 2xSSC, 0.1% SDS for 5 min each time, then washed three times in O.lxSSC, 0.1% SDS for 30 min each time at 42°C before exposing to X-ray film at -80 c C.
DNA-containing membranes in Figures 4 and 5 were prehybridized for 16-24 hrs at 42°C in a solution of lx Denhardt's. For each filter 32 P labeled probe was denatured by boiling for 10 min and added to formamide hybridization cocktail (50% formamide, 6xSSC, .05 M NaPO,}, pH 7, 1% SDS). This hybridization mix was added to the membrane in a sealable bag and placed at 42°C overnight. Nueleotide Sequence Analysis
Repeat fragments were released from selected recombinant clones by digestion with Xba I. Digested plasmid DNAs were separated by electrophoresis through a 4% polyacrylamide gel, and the 680 bp bands were isolated as described above. The DNA was eluted overnight at 37°C into 0.5 M NaCl, 0.05 M Tris-HCl (pH 7.3), 0.01 M EDTA, and then precipitated with ethanol. The purified inserts were ligated into the Xba I site of bacteriophage M13 mplO (19) and sequenced by the dideoxy-chain termination method (20 removed from labeled plasmid DNA by column chromatography. Human mitotic figures were prepared from whole blood cultures synchronized with 0.1 uM methotrexate as described (22) . Metaphase preparations were stored at room temperature for one week and then used within 14 days for hybridization experiments.
In situ hybridization experiments were performed by the method of Harper and Saunders (23) . Slides were hybridized with 3 H-labeled pEl in the presence of 10% dextran sulfate at concentrations of 2.5 ng/ml and 6.2 ng/ml. Hybridizations were carried out at 37°C for 10-12 hours and rinsed in 50% formamide, 2xSSC at 39°C. Slides were then coated with Kodak NTB2 nuclear track emulsion and exposed for 3 days to 3 weeks at -80°C. Exposed slides were developed in Kodak Dektol at 15°C and G-banded with 0.25% Wright stain (22) .
RESULTS
The digestion of human genomie DNA with restriction endonuclease Xba I released amplified copy numbers of certain fragments of DNA ranging in size from Hinf I, Pst I, and Bam HI (as a control), which are known to release other human repeat sequence families. The results indicated a strong homology between the Xba I repeat clones and certain sizes of fragments in the Hinf I and Hind in digests, but little or no homology with repetitive fragments produced by the other restriction enzymes. Sequence analysis revealed more about the possible relatedness of the Xba I repeats to known repeat sequence families. The sequence of the 682 bp fragment in clone pEl (Fig. 3) shows it to be composed of four tandemly arranged subunits (labeled A through D, respectively) with lengths of 171, 170,171, and 170 bp. Each subunit begins with an Xba I restriction site (TCTAGA) which has, except in the case of the first subunit, one or two base changes, rendering the site non-functional. This opening sequence is followed in each case by five base pairs, and then an Eco RI site containing a single base mutation. The average deviation in sequence homology between adjacent subunits is greater than 32%, but the variation between alternating subunits is much lower: 21% in the case of subunits A and C, and 19% for subunits B and D. The sequence of a second 682 bp Xba I repeat clone (pF5) differed from that of the first (pEl) by 15 nucleotides; 2 in the first subunit, 1 in the second, 1 in the third, and 11 in the fourth. The sequence organization of this Xba I repeat bears a striking resemblance to the Eco RI human repeat family, which has a 340 bp repeat and is composed of two tandem subunits of 169 and 171 bp. This sequence also occurs as a 680 bp tetramer in which adjacent subunits show 27% base sequence variance with each other. Comparison of the Eco RI tetramer to the Xba I repeat shows a sequence divergence between the two of 21.2%. A comparison of the published sequence of the monkey component a (Fig. 3) and that of the human Xba I repeat revealed a sequence divergence ranging from 30.4% to 36.5% variance between component a and each of the four Xba I 680 bp repeat subunits.
To study the phylogenetic distribution of sequences complementary to the Xba I 682 bp repeat clones, 4ug of genomic DNA from human, chimpanzee, gorilla, orang-utan, and gibbon were spotted onto nitrocellulose filters. Hybridization of this immobilized DNA with radioactive human genomic DNA probe resulted in an equal hybridization signal to each DNA spot (Fig. 4A) . The filter was then washed clean of probe and rehybridized under the same stringency as the first probe, using the Xba I 682 bp repeat clone as probe (Fig. 4B) . Hybridization was strongest with human DNA, evenly strong with the chimpanzee and gorilla DNA, weak with orangutan DNA and absent to the gibbon spot. No hybridization was obtained with DNA from Old or New World monkeys (not shown). The filter was then washed at a high temperature and a low salt concentration for two hours which caused the hybridization signal with orang-utan to disappear. This procedure also revealed a stronger signal with gorilla DNA than with chimpanzee DNA (Fig. 4C ).
For comparison a 32 P-labeled gel purified human Eco RI 680 bp DNA probe was hybridized to the same DNA preparations under the same conditions as with the Xba fragment probe. A strong hybridization signal was observed over each DNA spot (Fig. 4D) . The hybridization signals decreased uniformly with all DNAs after a low salt, high temperature wash under the exact conditions of 4C (Fig. 4E) . To determine the limit of homology of the Eco RI fragment to mammalian genomic DNA, the gel purified probe was hybridized to membranes spotted with total DNA from rabbit, mouse, rat, human, gibbon, vervet, and woolly monkey under the same conditions as the previous experiment. A strong hybridization signal was observed with DNA from the primates, a weak signal with DNA from rat and mouse, and a \ Figure 6 . Human metaphase cell hybridized with the H-Xba I probe pEl, at a concentration of 0.1 iig/ml for 10 hr and exposed to autoradiographic emulsion for 21 days. Overexposure to emulsion was used to illustrate clustering of silver grains on the centromeres of chromosomes . Cells used for analysis were hybridized with a lower probe concentration and exposed for a shorter period of time.
very weak signal with rabbit DNA (Fig. 4F) . A low salt high temperature wash of this filter again revealed a uniform melting of all hybrids (Fig. 4G) . In a comparable experiment with the human Xba I 682 bp clone El, a hybridization signal was obtained only with the human DNA (data not shown).
To further compare the Xba I repeat sequence organization in humans, chimpanzees, gorillas and orang-utans, Xba I digested genomic DNAs from all four animals were electrophoretically fractionated and transferred to a nitrocellulose filter. This filter was then hybridized with Xba I 682 bp repeat clone pEl. The autoradiogram (Fig. 5) revealed a different hybridization pattern in each case. The chimpanzee DNA lane showed a barely visible ladder with the strongest hybridization signal over a band migrating at about 1700 bp. The gorilla DNA lane showed a similar pattern with a very weak signal at 1700 bp and a strong signal at 680 bp. The orangutan DNA lane showed a different pattern with the strongest signal at about 2040 bp.
Chromosomal localization by in situ hybridization demonstrated that sequences corresponding to the cloned Xba I 682 bp fragment are located in the centromeres of all human chromosomes except the Y (Fig. 6) . Slides hybridized at 25 ng/ml and exposed for 3 days exhibited an average of 10 labeled sites per cell. Clusters of silver grains were typically observed at each labeled site. Out of 210 total labeled sites analyzed, 64% were located at the centromeres of chromosomes. In addition, over half (43%) of centromeric label was observed on D and G group chromosomes, suggesting that the centromeres of these chromosomes contain more copies of the 682 bp Xba I fragment than other groups. The remaining labeled sites were widely scattered over chromosomal regions as shown in Fig. 7 . The abscissa, composed of the human haploid karyotype including the X and Y chromosomes, was constructed by placing ideograms of the chromosomes head to tail followed by division into 160 equal segments. The number of labeled sites was plotted along the ordinate. These data suggest that the 682 bp Xba I repeat is a centromeric satellite in the human genome. No significant labeling was observed at the telomeres of chromosomes as has been observed with other o-satellite sequences.
DISCUSSION
Electrophoretically fractionated, Xba I digested human DNA stained with ethidium bromide revealed visible, regularly spaced bands upon exposure to UV light. The banding pattern was indicative of a tandemly organized repeat family and resembled the human Eco RI satellite family by the size of the fragments generated. Conflicting data has been presented in the past as to the relationship that these two repeat families hold to each other. Studies on a cloned member of the Xba I repeat family have clarified some of the apparent discrepancies.
The cloned 682 bp DNA fragment from Xba I digested human DNA was characterized as a member of the human a-satellite family by the following criteria. First, the cloned fragment hybridized to the ladder bands of Xba I digested human DNA which were electrophoretically separated. Second, sequence analysis revealed a structural organization remarkably similar to that of the Eco RI a-satellite family (16) . The 682 bp Xba I fragment is composed of four subunits of 171, 170, 171, 170 bp, respectively, with adjacent subunit sequence divergence of greater than 32% and alternating subunit sequence divergence of about 20% suggesting a I-n-I-n subunit composition. Third, the nucleotide sequence of the Xba I 682 bp cloned DNA matched the consensus Eco RI a-satellite sequence in about 80% of the positions. Finally, the 682 bp Xba I repeat sequence was localized to chromosomal centromeres. These properties are those expected of a true a-satellite sequence.
The Eco RI and Xba I 682 bp a-satellites differ in their phylogeny and chromosomal locations. At high stringency radioactive Eco RI a-satellite hybridized with a-satellite DNA in gibbons, apes and humans but not significantly with a-satellite from old and new world monkeys (21) . Related sequences were detectable in all monkeys by molecular hybridization at moderate stringency. Labeled Xba I 682 bp satellite hybridized only with human a-satellite DNA (Fig. 5) . Related sequences were found in great apes but not in gibbons or monkeys. The related sequences in apes were in low copy number in orangutans, higher copy number in chimpanzee, higher still in gorillas and highest in humans (Fig. 4) . By in situ hybridization, Eco RI a-satellite sequences were localized primarily to chromosomes 19,7,1,10,3,6 and 5 (25) while Xba I 682 bp a-satellite sequences hybridized mainly with the centromeres of chromosomes 14,20,22,15,2,4 and 18.
Conceptually, we define a satellite DNA "family" as a group of sequences all derived from the same amplification event or template. In practice this is not a measurable quantity. There is little doubt that the appearance of alpha satellite sequences has occurred suddenly and repeatedly during primate evolution (6) (7) (8) . When such amplifications occurred is measurable by scoring the phylogenetic distribution of given sequences. However, the results depend upon the scoring methodology. Phylogenetic distributions can be scored by measuring the production of DNA fragments of certain lengths (about 170 bp) by restriction endonucleases, i.e. restriction fragment length measurements. Satellite DNA fragments produce by a given restriction endonuclease represent a collection of sequences derived from one or more amplifications using templates with the given restriction sites. The most ancestral amplification is scored. Thus, the original amplification leading to the Eeo RI alpha satellite family or families occurred after apes and gibbons diverged from monkeys while the original amplification leading to the Xba I alpha satellite families occurred after great apes and gibbons diverged from each other (8) .
Phylogenetic distributions scored by measuring hybridization of a "consensusaverage" probe comprised of uncloned repeat fragments to total DNA of other animals using moderate hybridization stringency measure in addition, related sequences which resulted from other amplifications. This method has invariably yielded broader phylogenetic distributions with a phylogenetic gradient indicative of earlier amplifications. Thus, the Eco RI consensus-average probe hybridized significantly with DNA from primates and even detected related sequences in rodents.
Similar hybridization measurements using cloned probes and the same moderate hybridization stringencies often produce a narrower phylogenetic distribution than the restriction fragment length measurements, as was the case with the Xba I 682 bp cloned probe reported here. Presumably, the sequences detected with this probe were a subset of the Xba I alpha satellite families which had been amplified since great apes and gibbons diverged or since orang-utans diverged from man and the remaining great apes.
Finally, hybridization of a cloned probe to restriction fragments of DNA yield the narrowest phylogenetic distribution of all. Under moderate hybridization stringency the Xba I 682 bp alpha satellite DNA probe detected a ladder of 170n bp fragments only in human DNA and not in DNA of great apes. We speculate that this result signifies that an amplification of one or more Xba I alpha satellite DNA families occurred in the human lineage since humans diverged from great apes. It would follow that an amplification of alpha satellite DNA related to the Xba I 682 bp probe also occurred at a similar time in the chimp-gorilla lineage.
In conclusion, these experiments clearly distinguish the human Xba I and Eco RI satellite DNA components as resulting from separate amplifications and suggest further that the Xba I satellite DNA component is heterogenous, having resulted from several amplifications which occurred after the establishment of the ape lineage.
